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The morphology of the blood vessels of the
skin has been studied by perfusion with opaque
substances (1, 2, 3), benzidine staining (4),
X-ray projection microscopy (5), histochemi-
cal staining for alkaline phosphatase (6, 7, 8,
9, 10, 11), and in vivo microscopy (12). In the
course of studying the healing of split-thick-
ness graft donor sites certain observations
have been made relating to the distribution
of the superficial blood vessels in the skin. En
this paper these findings will be described,
and their implications will be discussed.
MATERIAL AND METHODS
Twenty-four healthy male volunteers free from
skin disease were selected for the study. Under
aseptic surgical conditions, a strip of skin 2
inches wide and 3 inches long was removed from
the deltoid aspect of both upper arms by means of
the Brown electric dermatome. The donor sites
of the first 20 subjects were infiltrated with 0.5%
xylocaine. The last four were operated upon with-
out anesthesia. The dermatorne was set to cut at
0.011" (279 z) in 21 subjects. For two volunteers
the setting was at 0.016" (407 z) in one arm and
at 0.020" (508 z) in the other arm. For the final
subject the settings were 0.003" (76 z) and 0.006"
(152 z). Telfa® dressings were placed in immediate
contact with the donor sites, and the arms were
wrapped with gauze dressings and ace bandages.
Biopsy specimens were taken from each arm on
three occasions starting on the third or fourth
post-operative day and at intervals of one or two
days thereafter. A twin-bladed knife was used to
cut full thickness strips measuring 3 cm in length
and 0.5 cm in width. The biopsy specimen sites
were left to heal by secondary intention; this was
complete in about two weeks. No infection occurred
in any of the 48 donor sites or the 144 biopsied sites.
The biopsy specimens were fixed in 10% for-
malin. Serial sections were made parallel to the
long axis of each strip. The sections were stained
with hematoxylin and eosin and with acid orcein-
Giemsa. Some sections were also stained with
congo red and others with toluidine blue. The skin
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removed by the dermatone was also sectioned,
stained, and measured by means of an ocular
micrometer. Three areas were picked at random
from each dermatome strip, and their thickness
and that of the epidermis was determined at 15
to 20 locations along each graft. The extent of
reepitlielization of the donor sites was determined
by relating the length reepithelized to the length of
the biopsy strip; measurements were made by a
moving stage micrometer.
OBSERVATIONS
Grafts cut by the dermatome were found to
correspond closely in thickness when a setting
of .011" was used on the instrument. How-
ever, with other settings the grafts obtained
were thicker than the dermatome adjustment
(Table I). The average thickness of the
epidermis was 67 /L, with a variation between
51 and 91 . In 0.003" and 0.006" donor sites
epithelization of the wounds was 95% to
100% complete by the sixth day. Epithelium
regenerated from the edges of the wound and
from hair follicles and sweat ducts, proceeding
beneath a thin layer of fibrin (Figs. 1, 2). In
0.011" donor sites reepithelization was only
slightly slower, complete coverage taking place
by the seventh day. About the fourth day
localized areas of necrosis were noted on the
surface of the donor area (Fig. 2). They were
cone-shaped, and were more or less uniformly
distributed. Measurement of 50 necrotic areas
showed that each was 0.49 to 0.75 mm (mean:
0.64 mm) in diameter at the surface, and 0.17 to
0.29 mm (mean: 0.22 mm) in depth. The
distance between the centers of adjacent sites
of necrosis was 1.33 to 6.38 mm (mean: 2.4
mm). They were sharply demarcated by a
polyrnorphonuclear cell reaction, and were in
many instances situated at and involving the
distal ends of arrector pili muscles (Figs. 2—4).
Hemorrhage and inflammation at the tip of
arrector pili muscles was also observed (Fig.
5). On about the sixth day the necrotic tissue
was completely surrounded by epithelium
which had grown both above and beneath it
(Fig. 8). On about the seventh or eighth day
the encapsulated necrotic mass was cast off
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Dermatome Setting (p)
Thickness of Skin (p)
Range Mean
Average
Thickness
of Corium()*
76 (0.003")
152 (0.006")
279 (0.011")
407 (0.016")
508 (0.020")
106—164
145—237
228—396
436—563
500—650
117
192
281
488
562
50
125
214
421
495
* Average thickness of epidermis was 67 M,
with a variation from 51 to 91 M
(Fig. 7). In recently healed donor sites dermal
papillae were not prominent, and the sub-
epidermal zone of the coriurn was richly
vascularized and was conspicuously deficient in
elastic fibers (Fig. 9).
In biopsy specimens obtained from 0.016"
and 0.020" donor sites, healing was slower than
when thinner grafts had been cut. By the sixth
day the surface was about 85% covered with
epithelium in the 0.016" donor sites and about
70% in the 0.020" sites. Specimens taken on the
fourth day showed a thin zone of necrosis in
the most superficial part of the dermis which
was covered with a thin layer of fibrin con-
taining polyrnorphonuclear leukocytes and
red blood cells (Fig. 10). There was a marked
round cell infiltrate in the corium which was
particularly accentuated around hair follicles
and sweat ducts. This reaction persisted until
late in healing. Repithelization took place as
usual from hair follicles and sweat ducts. The
newly formed sheets of epithelium separated
the healthy from the necrotic corium. The
latter was eventually shed off (Figs. 11, 12). No
circumscribed areas of necrosis were observed
in 0.016" or 0.020" donor sites.
The presence of arterioles and venules in the
superficial corium was frequently noted. Fig. 6
illustrates a small arteriole 20 p. in diameter.
It was at a depth of 46 p. from the surface in a
0.011" donor site, A venule 77 p. in diameter
can be seen near the epidermis in Fig. 13. The
vessel shown in Fig. 14 appears to take origin
near the hair follicle papilla and to end in or
near the arrector pili muscle of the same folli-
cle. Having little muscle coat, it may be re-
garded as a precapillary arteriole.
DIsCUSSION
The blood supply of the skin has been
mapped out by various authors (2, 9, 11, 13,
14). The patterns of vascular supply to the
hair follicle (6) and the cutaneous glands (15)
have been outlined by staining with the azo-dye
technic for alkaline phosphatase. Other authors
have used injection methods (1, 2, 3), benzidine
staining (4) and X-ray projection microscopy
(5).
The above methods have certain limitations.
Perfusion may be incomplete due to constric-
tion or collapse of the blood vessels. Benzidine
stains the hemoglobin in red blood cells and
not the blood vessels themselves. Accordingly,
relatively exsanguinated areas may give a false
pattern. Although X-ray projection microscopy
demonstrates the caliber of vessels, no further
information is obtained. Staining for alkaline
phosphatase outlines capillaries in the corium.
Since only the endothelial cells of capillaries
are strongly reactive to the dye, the method is
ineffective in tracing the larger blood vessels
(16, 17). In addition, Cormia (11, 18) points
out that not all capillaries are stained by the
alkaline phosphatase technic, and that the
stain therefore does not provide complete in-
formation on the vascular patterns.
Moretti et al. (9) and Moretti and Montagna
(10) describe in detail the vascular patterns in
different regions of the skin of the face after
staining for alkaline phosphatase. They found
that the blood vessels of the dermis were ap-
parently arranged in a network composed of
two levels of deeper subcutaneous arches and
a third more complex upper or superficial part.
The latter was again composed of a deeper
arcade situated between the depths of 1.6 and
1.3 mm in the dermis, and a more superficial
arteriolar arcade linking the deeper vessels
with the arterioles in the upper dermis, which
vascularize the dermal papillae, the upper por-
tion of the hair follicles and the sebaceous
glands. They also found that these arterioles
arched between an upper limit of 1 mm and a
lower limit of 1.3 mm, thus forming another
series of vascular arcades. Some arterioles other
than those related to the appendages branched
from this arcade and climbed to the upper
levels of the dermis, and were generally associ-
ated with sweat ducts. The arterioles that
supply the dermal papillae of hair follicles
TABLE I
Thickness of Skin Removed at Various
Dermatome Settings
FIG. 1. A 0.011" donor site 4 days after operation showing epidermal regeneration from sweat duct.
Hematoxylin and eosin; X180.
FIG. 2. Two infarcts at the surface of a 0.011" donor site at 4 days. Reepithelization proceeding from
a hair follicle. Hematoxylin and eosin; X60.
Fm. 3. Higher magnification of one of the infarcts shown in Fig. 2. The infarct is situated at the
distal end of an arrector pili muscle (arrow). The coriurn is hyperemic. Hematoxylin and eosin; X180.
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FIG. 4. Tip of arrector pili muscle enclosed in an infarct. Hematoxylin and eosin; X90
FIG. 5. Hemorrhage and inflammatory reaction at the tip of an arrector pili muscle at 4 days in
0.011" donor site. Congo red; X100.
FIG. 6. Arteriole 20 in diameter at a depth of 46 from the surface of a 0.011" site. Acid orcein-
Giemsa; X1100.
FIG. 7. Seven days after operation; the epithelium-coated infarct separating from the skin. H2ma-
toxylin and eosin; X90.
FIG. 8. 0.011" donor site at 6 days showing an infarct encapsulated by epithelium. Hernatoxylin
and eosin; X180.
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FIG. 9. A 0.011" donor site five days after operation: the regenerated epidermis is hyperplastic, and
the corium is very vascular. Elastic fibers are absent from the subepidermal zone. Acid orcein-Giemsa;
X 180.
FIG. 10. 0.016" donor site on fourth day showing a thin superficial zone of necrosis and a cell infiltrate
in the corium accentuated around hair follicles. Hematoxylin and eosin; X45.
FIG. 11. Necrotic tissue in process of being shed off at 8 days from a healed 0.016" donor site. Hema-
toxylin and eosin; X90.
.
FIG. 12. Healed 0.020" site at 8 days. Necrotic tissue about to separate. Epidermis is thinner than
that in 0.016" site (Fig. 11). Hematoxylin and eosin; X90.
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bifurcated slightly above the upper arcade.
These bifurcations were associated with hair
groups which formed the center of a cone-
shaped capillary "vascular unit" having its
base towards the epidermis. The base of the
"vascular unit" was about 1.7 mm in diameter,
and its tip in the corium was at the depth of
775 to 560 j.
The azo-dye technic for alkaline phosphatase
demonstrates the capillary loop pattern in the
papillary layer of the corium (Fig. 15). How-
ever, the phosphatase reaction is sparse in the
rest of the corium. Since the dermis is
vascularized at every level by vessels going in
various directions (16), the marked phos-
phatase reaction in the papillary loops may be
related to a certain function subserved by this
peripheral part of the circulatory system such
as temperature regulation.
In the present study cone-shaped areas of
necrosis were observed at the tips of arrector
pili muscles when a split—thickness skin graft
about 281 p. in thickness was removed. These
uniformly distributed and localized areas of
necrosis exhibited the features characteristic of
coagulation necrosis. The tissue retained its over-
all appearance but the individual cells were
granular and more eosinophilic than normal.
Pyknosis, karyolysis, and karyorrhexis were dis-
tinct. A narrow zone of polymorphonuclear cell
infiltrate separated the dead from the living
coriurn. Although thrombosed arterioles could
not be demonstrated, identification of the
necrotic areas as infarcts is indicated by their
morphology, staining characteristics, distribu-
tion and evolution, and by the inflanMnatory
reaction. It may, therefore, be inferred that
arterioles exist at much higher levels in the
skin than heretofore reported, the thrombotic
mechanism following trauma being responsible
for arteriolar block and subsequent infarction.
It is estimated that these vessels reach a level
of 214 p. or less below the dermoepidermal
junction (Table I). Furthermore, the presence
of small arterioles at very superficial levels in
the corium was verified (Figs. 6, 14) they
represent precapillary arterioles, the smallest of
arterioles. These vessels have little, and often
discontinuous, tunica media, the tunica ad-
ventitia is composed mainly of collagenous
connective tissue, and the elastic tissue is
either present as delicate fibrils or is absent
(19, 20).
Since no circumscribed areas of necrosis
were observed with 0.003", 0.006", 0.016" and
0.020" settings of the dermatome, it is inferred
that anastomoses are adequate at the corre-
sponding levels. The continuous superficial
necrosis seen in the deeper cuts may be
ascribed to vascular insufficiency resulting
from injury to larger vessels which supply
several terminal arterioles.
SUMMARY
The healing of 48 split-thickness graft donor
sites in 24 volunteers was studied by examining
biopsies taken at intervals of one or two days.
In all, 144 biopsy specimens were examined
and the mode of healing of the donor sites is
reported.
The observations and data obtained indicate
that arterioles extend to very superficial levels
in the corium, particularly those related to
arrector pili muscles. At a certain level, about
214 p. below the epidermis, these arterioles be-
come terminal in character. Injury, thrombosis,
or embolism at this level would result in
localized necrosis of the overlying skin.
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